An anion-sensitive H+-translocating ATPase was identified in membrane vesicles isolated from mature green tomato (Lycopersicon esclekntum) fruit. The H'-ATPase was associated with a low density membrane population having a peak density of 1.11 grams per cubic centimeter, and its activity was inhibited by N03-, N,N'-dicyclohexylcarbodiimide and diethylstilbestrol but not by vanadate, azide, molybdate, or oligomycin. This H'-ATPase has an unusual pH dependence indicating both a slightly acidic and a near neutral peak of activity. Chloride was found to be a potent stimulator of ATPase activity. The K. for the H-ATPase was approximately 0.8 millimolar ATP. The characteristics of this H'-ATPase are very similar to those described for a number of plant cell tonoplast H'-ATPases suggesting that the activity identified in tomato fruit membranes is tonoplast-associated. This report demonstrates the feasibility of isolating tonoplast vesicles from acidic fruit tissues for studies of transport activities associated with fruit development and maturation.
The existence of a proton translocating ATPase on the tonoplast of many plant cells has been widely verified (9 and references therein). This H+-ATPase has been implicated in establishing an electrochemical potential gradient for H+ across the tonoplast. The gradient is believed to be utilized to drive H+/Ca2+ (5) , H+/Na+ (3) , and H+/sucrose (4) antiports present on the tonoplast. Tomato fruit tissue is quite acidic and thus may possess an unusually active H+ pump in the tonoplast. The tomato fruit vacuole is also the site of organic acid, sugar, and calcium accumulation, all of which contribute to quality characteristics of the mature fruit. In anticipation of experiments to assess accumulation of organic acids (6) , sugars 3 gM acridine orange and inhibitors were added as indicated to an assay buffer of 250 mm sucrose and 10 mM Tris/Mes (pH 7.0) to give a final volume of 1.5 ml. Fluorescence was measured at 28°C with a Perkin-Elmer 650-40s spectrofluorimeter at excitation and emission wavelengths of 472 and 525 nm, respectively. H+ transport was initiated by the addition of either 9 Al (with ATP) or 3 ul (with PPi) of 0.5 M MgSO4.
Protein and Enzyme Assays. Membrane protein was measured by the method of Schaffner and Weissman (8) . UDPase activity was assayed in 0.5 ml of 25 mm Hepes/Mes (pH 6.75), 1.5 mM UDP, 1.5 mm MnSO4, 0.05% Triton X-100 using 50 Ml of each gradient fraction. Each assay was incubated for 30 min at 28°C and Pi was determined by the method of Ames (1). Cyt c oxidase was assayed as previously described (2) . RESULTS Continuous Density Gradients. Figure 1 (data not shown). In addition to ATP, PPi was also shown to be an effective substrate for H+-transport (Fig. 2) . This PPidependent fluorescence quenching was insensitive to vanadate, but was partially inhibited by NO3. Under the assay conditions employed, the rates and extent of ATP-and PPi-dependent H+ transport were similar. Both ATP-and PPi-dependent fluorescence quenching were abolished in the presence ofthe ionophore nigericin.
pH Dependence. ATPase activity of the tomato tonoplast enriched vesicles was evaluated over a pH range of 5.5 to 8.5 in the presence and absence of NO3 (Fig. 3A) . In three separate experiments the pH optimum for this ATPase varied slightly but a double peak of ATPase activity was consistently observed. The lower pH optimum was consistently between pH 6.0 and 6.5 and the higher pH optimum was consistently between pH 7.0 and 7.5. The shape of this double pH optima was not affected by the presence of molybdate (Fig. 3A) , suggesting that the acid pH optimum did not result from contaminating acid phosphatase activity. In addition, ATPase activity was inhibited by NO3 over the entire pH range, indicating that this double pH optima is a feature of a single NO3-sensitive ATPase. When total fluorescence quench was used to determine H+ transport activity as a function of pH, a double pH optimum was observed (Fig. 3B) . However, the initial rate of fluorescence quench showed a single pH optimum near pH 6.7. In four separate experiments the pH minimum varied slightly between pH 6.75 and 7.5 which accounts for the slight offset of the pH minimum seen when comparing ATPase activity and fluorescence quench (Fig. 3) .
Salt Stimulation. The H+-ATPase from tomato tonoplast enriched vesicles was characterized by assessing its response to monovalent salts (Table I) In most respects, the characteristics of this anion-sensitive H+-ATPase from tomato fruit are similar to other tonoplast H+-ATPases recently characterized (9) . One exception is the pH dependence of the tomato fruit H+-ATPase. In these experiments, a double pH optimum at acid (pH 6.0-6.5) and near neutral pH (pH 7.0-7.5) was consistently observed. Other tonoplast H+-ATPases have a single alkaline pH optimum (9) . The pH dependence observed for the tomato fruit H+-ATPase may be related to the high acidity of this tissue.
Identification of PPi as a substrate for H+-transport suggests that either PPi is also a substrate for the H+-ATPase, or that a H+-translocating pyrophosphatase (H+-PPase) is present on the tomato fruit tonoplast. Based on recent results (7, 10) we suspect that a H+-PPase also exists on tomato fruit tonoplast membranes. As previously demonstrated in oat root tonoplast vesicles (10) , when assayed at low PPi and MgSO4 concentration (0.1 and 1 mM, respectively) H+ transport catalyzed by the H+-PPase is comparable in magnitude to H+ transport catalyzed by the H+-ATPase.
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